Juveniles of Caenorhabditis elegans were transformed to dumpy in the media containing methomyl (10 ,sg/ml) or aldoxycarb (500csg/ml), but not in the media containing methylisothiocyanate (MITC). The dumpy did not recover to its normal structure even after being transferred to fresh medium, but underwent to adulthood with a lower reproduction rate. The progeny from the dumpy forms was normal in structure, however, its reproductivity was as low as one-third of normal ones. Longevity of the dumpy form and its progeny were longer than those of normal worms. Methomyl (1ug/ml), MITC (1g/ml) and aldoxycarb (10ug/ml) did not suppress population growth, but MITC (l0ug/ml) did for the first two weeks. The population growth was markedly suppressed at 100 sg/ml of methomyl, 20 eg/ ml of MITC and 1000 pg/ml of aldoxycarb.
This paper reports the effects of methomyl, aldoxycarb (non-fumigant nematicides) and methylisothiocyanate (fumigant) on the post-embryonic development, fecundity and longevity of Caenoyhabditis elegans. The usefulness of the nematode for testing nematostatic chemicals will be discussed.
MATERIALS AND METHODS
Caenoyhabditis elegans var. Bristol, wild type N-2, was maintained axenically at 20C in a medium containing 3 % soypeptone, 3 % yeast extract, 1 % casitone, 1 % dextrose and 500 jig/ml of hemoglobine.9'
For testing chemicals on population growth, 30 juveniles at the 1st stage (J 1) were incubated at 20C in a 300 ml Erlenmeyer flask containing 50 ml of axenic culture medium including chemicals at various concentrations.
The test chemicals were prepared as follows; methomyl (S-methyl N-(methylcarbamoyloxy)thioacetimidate), aldoxycarb (2-methyl-2-(methylsulfonyl) propionaldehyde -0-(methylcarbamoyl)oxime) or MITC (methylisothiocyanate) were dissolved in culture medium and sterilized by filtration through Sterivex-GS® (0.22 ,um in pore size, Millipore Corp.). Various concentrations were set up by diluting basal condensed solution with fresh medium; 1, 10 and 100 ug/ml for methomyl, 1, 10 and 20ug/ml for MITC, and at 10, 100, 500 and 1000 pg/ml for aldoxycarb.
The flasks were continuously shaked at 70 rpm throughout the incubation period. Three flasks were set up for each dose. Aliquots of 1 ml of medium were taken from the flask at every 3 days interval and were counted for nematodes by dilution.
To examine the growth rate, ca. 1000 J1 were inoculated into the media containing methomyl or aldoxycarb, and incubated at 20°C with continuous shaking (70 rpm). About 30 individuals of them were sampled every day, killed by gentle heat and measured for body length and width. Experiments were triplicated for each dose of methomyl or aldoxycarb.
Abnormal dumpy juveniles were obtained from the media containing methomyl (10 ,ccgJml) or aldoxycarb (500ug/ml) and were individually cultured in microtiter wells with fresh medium, and examined for fecundity and longevity.
To examine the effects of methomyl and aldoxycarb on the growth and reproduction of the next generation, the progeny appeared in the above medium were transferred individually to another fresh medium.
For morphological substantiation of declined reproduction of worms exposed to the chemicals, cross sections of mid-body portion of two-weeks aged dumpy forms were examined under JEM-100B electron microscope operated at 60 kV. The method of sample preparation was reported previously. 10)
RESULTS
Population growth did not occur in the culture media containing 100pg/ml of methomyl, 20 ,ugJml of MITC and 1000lug/ml of aldoxycarb. In the media containing 10ug/ml of methomyl, the population growth halted at ca. 60 worms/ml. On the other hand, MITC (10ug/ml) suppressed the population growth for the first two weeks (Fig. 1 ). Almost the same population growth was obtained for methomyl (1ug/ml), MITC (1,ug/ml), aldoxycarb (10ug/ml) and controls, but the growth was slightly delayed (not significant) at 100 , ugJml aldoxycarb.
Nematode development was strongly sup- pressed in the media containing methomyl 10ug/ml and aldoxycarb 500ug/ml (Figs. 2,  3 ). After incubation in the above media for 8 days, the worms developed in to almost same width as did the normal. ones, but remained less than 500um in length. They became dumpy in shape ( Fig. 4 ). Neither 10 ug/ml of aldoxycarb nor 1 ug/ml of methomyl inhibited the normal development, but at 100 pg/ml of aldoxycarb, the worms did not develop beyond 700um in length. The re-production was not significantly retarded at this dosage. Methomyl at 10ug/ml actually inhibited the development.
No dumpy nematodes were observed in DIITC culture (at all concentrations examined in this experiment). Table 1 shows the body dimensions Table 1 Body size and fecundity of C. elegans adults. Dumpy adults were obtained from the media containing methomyl at 10ug/m1. and fecundity of the adult worms developed from dumpy juveniles. They remained dumpy after being placed in the fresh media containing no nematicides and the fecundities of them were as low as one-tenth of normal adults. They produced progenies with normal in size and shape, but the fecundity was a third of adults originating from the progenies noted above.
In fresh culture, both dumpy adults and their progenies survived 10 days longer as did the normal worms at 50% survival (Fig. 5) .
Electron-microscopic observation showed gonadal abnormality in the dumpy specimens ( Fig. 6 ).
DISCUSSION
The mode of action of non-fumigant nematicides has been studied under laboratory and field conditions.1,11' These nematicides suppress egg-hatching12,13' and larval development,l4-17' disturb attraction and invasion to the host14, [17] [18] [19] [20] [21] [22] [23] [24] and immobilize at a certain degree." 22, 2" In the field trials, non-fumigant nematicides reduced the population size of plant nematodes'" and/or increased crop yield,25-28) However, screening tests of chemicals are rather time-consuming when plant nematodes are used. C. elegans is supposed to be a better model organism for the examination of the nematostatic agents, because it has much fundamental backgrounds in the biology.'"
In the present investigations, the propagation of C. elegans declined with increasing concentrations of methomyl or aldoxycarb in culture.
Although the initial population growth was delayed at 10 ag/ml of MITC, at 10 dig/ml of methomyl, the population size was kept at ca. 60 worms/ml for long time. Hara and Kaya3" reported that the development and reproduction of Neoaplectana carpocapsae were affected adversely by methomyl at a concentration of 0.1 mg/ml. Brenner31' demonstrated that the C. elegans was paralyzed at a concentration of 10-4 M of methomyl and was led to hypercontraction of musculature, cessation of pharyngeal movement and eventual death. These results suggest that methomyl is inhibitory to acetylcholinesterase in nematodes. However, in this experiment, C. elegans developed in the medium containing 0.1 mg/ml of methomyl (ca. 5 x 10-4 M) and lived for more than 4 weeks. At 0.01 mg/ml, of methomyl, most worms developed abnormaly; short body length with normal width, but underwent to adulthood with lower fecundity.
Morphologically, they remarkedly resembled dumpy unc-90 mutant reported by Waterson et al. 32 ' Aldoxycarb also induced dumpy at 0.1-1 mg/ml. Once having developed to dumpy form, they could no longerr recover to normal shape even after being transferred to fresh medium. Continual muscle hypercontraction by methomyl and aldoxycarb may irreversely lead to dumpy form. The dumpy form will be one of the morphological characteristics induced by nematostatics including oximecarbamate nematicides. This morphological change was not inherited by the progeny. But reduced fecundity of the progeny originated from dumpy form can be considered to be a genetical effect of these chemicals (Table  1) . Prolonged longevity observed in dumpy forms and the progeny may have partly resulted from the reduced reproduction, but many problems remain to be solved. Since non-fumigant nematicides are not always required to kill soil nematodes, biological effects besides mortality should be extensively examined for the evaluation of the chemicals.
The best advantage to employ C. elegans for the bioassay of chemicals may be the possible detection of biological effects which could not be observed from using plant nematodes.
